Consequently, the circumferentially magnetized magnets of alternate polarity are employed as illustrates in Fig. I(c) , which is designated as E-core PMFSM due to laminated "E-shape" segments employed in the stator. In contrast with conventional all pole wound PMFSM, the E-core PMFSM has the same rotor structure, less number of stator poles and half volume of PM. A new structure of 6S-1 OP E-Core HEFSM is designed by employing additional DC-FEC on the middle stator teeth of the E-Core PMFSM with no magnet as shown in Fig. I(d) [3] . It sustains equivalent outer diameter as the corresponding E-Core PMFSM and exhibits a simpler 2D structure when compared with hybrid-excited PM machine developed from the conventional PMFSM. Since it also employs non overlap between DC-FEC and armature windings, the number of turns per phase of the E-Core HEFSM is maintained similar as that of the E-Core PMFSM. Moreover, the slot area in this machine is divided into two partitions, each for armature coil and DC-FEC windings, respectively. The total number of armature winding turns is equal to that of DC-FEC winding turns to ease the comparison of armature and field curr ents, because the slot areas for these two kinds of windings are equivalent. It is worth mentioning that, different with HEFSM developed from
I. E-CORE HEFSMs TOPOLOGIES
The development of E-Core HEFSM starts with evolution of obvious that in an alternate pole wound, the torque reduces considerably when PM in stator poles without coils are eliminated. In order to reduce the PM usage and, consequently, the cost, the stator poles without coils are replaced by corresponding stator teeth. However since the PM in the stator poles which carr y coils are magnetized in the same direction, their magnetic field is "short circuited" via the stator back-yoke.
Consequently, the circumferentially magnetized magnets of alternate polarity are employed as illustrates in Fig. I(c) , which is designated as E-core PMFSM due to laminated "E-shape" segments employed in the stator. In contrast with conventional all pole wound PMFSM, the E-core PMFSM has the same rotor structure, less number of stator poles and half volume of PM. A new structure of 6S-1 OP E-Core HEFSM is designed by employing additional DC-FEC on the middle stator teeth of the E-Core PMFSM with no magnet as shown in Fig. I(d) [3] . It sustains equivalent outer diameter as the corresponding E-Core PMFSM and exhibits a simpler 2D structure when compared with hybrid-excited PM machine developed from the conventional PMFSM. Since it also employs non overlap between DC-FEC and armature windings, the number of turns per phase of the E-Core HEFSM is maintained similar as that of the E-Core PMFSM. Moreover, the slot area in this machine is Table 1 , similar with the available and estimated specifications with IPMSM [7] . The electrical restrictions related with the inverter such as maximum 650V DC bus voltage and maximum 360V
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inverter current are set to be much severe. Assuming that only a water-jacket system is employed as the cooling system of the machine, the limit of the current density is set to 30Ann/mm 2 and 30A/mm 2 for both armature winding and DC 
A. Flux Linkage of PM and Cogging Torque
Under open circuit condition, the flux paths of PM for 6Slot-4Pole, 6Slot-5Pole, 6Slot-7Pole and 6Slot-SPole E-Core
HEFSMs at zero degree rotor position are compared as illustrated in Fig. 3 . peak-to-peak for 6Slot-7Pole is produced due to slightly sinusoidal magnetic flux linkage compared to other nwnber of rotors. Since the peak-peak torque generated should generally not exceed more than 10% of the average torque to avoid high vibration and noise, further design refinement should be conducted to get the best performance of the machine. It is noticeable that most of the flux linkage waveforms are distorted with large amount of cogging torque pulsation due to 
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